Hepatitis A is a vaccine-preventable infection caused by the HA virus (HAV) with transitional to intermediate endemicity in China. An inactivated vaccine first licensed in China in 2010 (Avaxim® 80U Pediatric) is indicated for primary and booster vaccination in children from 12 months to 15 years of age. This Phase IV, open-label, single-arm trial supported licensure in pediatric age groups in China. A total of 355 healthy infants and toddlers (< 2 years of age), children (2 to 11 years of age), and adolescents (≥ 12 years of age) were enrolled to receive two doses of intramuscular HA vaccine, separated by 6 months. Participants were split into Group 1 (infants and toddlers: N = 270) and Group 2 (children and adolescents: N = 85). Safety was assessed by solicited injection site and systemic adverse events (AEs) for 7 days and unsolicited AEs for 30 days after each vaccination. Serious AEs (SAEs) were collected throughout. Immunogenicity was not assessed. Analyses were descriptive. Both vaccinations were very well tolerated in each group. The incidence of solicited injection site reactions was lower in Group 1 (17.9%) than Group 2 (33.3%) and for solicited systemic reactions was similar for each group. The incidence of unsolicited AEs in Group 1 was 6.3% and none in Group 2. For solicited and unsolicited AEs the incidence was slightly higher after the first vaccination. There were no SAEs. Overall, the good safety profile of this pediatric HA vaccine was confirmed in infants, toddlers, children, and adolescents aged 12 months to 15 years in China.
Introduction
Hepatitis A (HA) is a liver disease caused by the HA virus (HAV). In young children the infection is often asymptomatic but severity increases with age and over the age of 5 years HA is generally associated with symptoms such as fever, malaise, nausea, diarrhea, joint pain, abdominal pain, or vomiting being more common. 1, 2 The incidence of HA is closely related to hygiene and sanitation levels. China represents an area of transitional or intermediate HA endemicity 3, 4 although there are regional disparities in seroprevalence. 5, 6 Furthermore, an increasing adult population is susceptible to HA infection due to a reduction in HAV circulation over recent decades and associated lower rates of innate immunity resulting from lower rates of childhood infection. 7 A range of vaccines is currently available globally that have been shown to provide effective and long-lasting protection against HA. Of these, the inactivated HA vaccine Avaxim® 80U Pediatric is formulated to include a reduced amount of active antigen (80 antigen units [U] per dose) and is indicated for primary and booster vaccination for children aged 12 months to 15 years. 8, 9 This vaccine has shown a good safety profile in more than 6200 children in clinical trials 10, 11, 12, 13 and Avaxim® 80U Pediatric vaccine was first licensed in China in February 2010. Even though the vaccine was licensed in China, it was not marketed in that country prior to the present study and so no post-marketing data were available from China. However, the national recommendations in China require that post-marketing safety data are submitted to support the renewal of the license. The present study was therefore conducted to generate safety data in China to support the renewal of the vaccine's license for administration to toddlers, children, and adolescents aged 12 months to 15 years in a 2-dose schedule, as well as to collect further post-licensure data for its administration in these age groups in China. As immunogenicity data have recently been reported, 8 this study focused only on vaccine safety.
Results

Participants studied
A total of 355 participants were enrolled on Day 1, of whom 353 participants received the first vaccination (2 participants withdrew consent after enrolment and prior to the first vaccination) (Group 1: N = 269; Group 2: N = 84). There were a further 21 participants who withdrew after the first vaccination and prior to the second vaccination (16 participants withdrew voluntarily [not due to an AE] and 5 participants were lost to follow-up), and 332 participants received the second vaccination (Group 1: N = 257; Group 2: N = 75). There were no further withdrawals between the second vaccination and safety follow-up 1 month later. There was no stratification by age group at enrolment and the number of participants in Group 1 was higher than Group 2 since hepatitis A vaccination is performed routinely at < 2 years of age in China. Participant disposition is presented in Figure 1 .
Overall there was a similar number of male (51.5%) and female (48.5%) participants, although in Group 2 the incidence of males (58.5%) was slightly higher than for females (41.2%). The overall median age at inclusion was 1.6 years (medians of 1.5 years and 9.4 years in Groups 1 and 2, respectively). Participant demography is presented in Table 1 . No health issues or immunity medications were reported.
Safety and tolerability
One participant in Group 1 was the child of an employee of the study sponsor and was excluded from the safety analysis set; as such, in Groups 1 and 2, respectively, data from 268 and 84 participants were analyzed after the first vaccination and data from 256 and 75 participants were analyzed after the second vaccination (Tables 2-5) .
Immediate unsolicited AEs (in the 30 minutes after either vaccination), solicited injection site and systemic ARs (in the 7 days after vaccination), and unsolicited AEs and ARs (in the 30 days after vaccination) are summarized in Table 2 . There were no unsolicited immediate AEs in either group. The overall incidence of solicited injection site reactions was slightly lower in Group 1 (17.2%) than Group 2 (33.3%) and was similar in each group for solicited systemic reactions (23.1% and 25.0% in Group 1 and Group 2, respectively). There were no unsolicited AEs in Group 2, and the overall incidence in Group 1 was 6.3%, of which only 1 participant (0.4%) reported an AE (which occurred after the second vaccination) that was considered to be related to the vaccination (i.e. an AR); this was a Grade 1 systemic rash that occurred the day after the second vaccination and resolved with treatment.
Disposition of study participants The incidence of solicited ARs and unsolicited AEs was higher after the first vaccination than after the second vaccination. For solicited injection site ARs the respective incidence for each vaccination was 11.9% and 5.9% (Group 1) and 25.0% and 18.7% (Group 2); for solicited systemic ARs the respective incidence was 20.5% and 3.5% (Group 1) and 17.9% and 10.7% (Group 2); for unsolicited AEs and ARs in Group 1 the respective incidence was 6.0% and 0.4% (no unsolicited AEs were reported in Group 2). Table 3 summarizes solicited injection site ARs by type and intensity (for any and Grade 3 intensities). In Group 1, injection site tenderness was the most frequently reported solicited injection site AR and was the only one to be reported after the second vaccination (11.2% and 5.9% after the first and second vaccinations, respectively). In Group 2, injection site pain was the most frequently reported solicited injection site AR and was the only one to be reported after the second vaccination (25.0% and 18.7% after the first and second vaccinations, respectively). Most solicited injection site ARs in each group n: number of participants experiencing the endpoint; M: number of participants with available data Severity scales based on CFDA scales for classification Group 1: infants and toddlers < 2 years) who received 2 injections of Avaxim® 80U Pediatric vaccine Group 2: children (aged 2 to 11 years) and adolescents (aged > 12 years) who received 2 injections of Avaxim® 80U Pediatric vaccine Table 3 . Solicited injection site reactions occurring within 7 days after any vaccination and for the first and second vaccinations.
Group 1 Group 2 All participants
Vaccination Participants experiencing at least one: n: number of participants experiencing the endpoint; M: number of participants with available data NA = not applicable (symptom not recorded based on age range) Severity scales based on CFDA scales for classification Group 1: infants and toddlers < 2 years) who received 2 injections of Avaxim® 80U Pediatric vaccine Group 2: children (aged 2 to 11 years) and adolescents (aged > 12 years) who received 2 injections of Avaxim® 80U Pediatric vaccine
were Grade 1 in intensity; all occurred between Day 0 and Day 3 and most lasted 0 to 3 days. Table 4 summarizes solicited systemic ARs by type and intensity (for any and Grade 3 intensities). Following the first vaccination, fever was the most frequently reported in Group 1 (11.9%) and malaise was the most frequently reported in Group 2 (10.7%). The only solicited systemic AR reported after the second vaccination was a single episode of fever in Group 1. In both groups, most episodes were Grade 1 in intensity; most occurred between Day 0 and Day 3 and lasted 0 to 3 days. Unsolicited AEs are presented by Preferred Term (PT) and System Organ Class (SOC) in Table 5 . The overall incidence of unsolicited AEs was low and the most frequently reported was nasopharyngitis (2.6%) (Group 1); none was reported in Group 2 and there were no SAEs in either group.
The sub-analysis that excluded data from 22 subjects is presented as supplementary material. The results of the subanalysis were comparable to those of the full analysis described above. 
Discussion
This clinical study was conducted primarily to support the renewal of licensure for Avaxim® 80U Pediatric in a two-dose (complete) vaccination schedule for infants, toddlers, children, and adolescents aged 12 months to 15 years residing in China. As such, per the requirements in China and since immunogenicity data are reported elsewhere, 8 only safety was evaluated. The vaccine was very well tolerated, as expected from previous studies with the same vaccine. 8 There were no unsolicited AEs reported in the 30 minutes after either vaccination, and the overall incidence of solicited injection site and systemic ARs and of unsolicited AEs was lower than in previous studies using the same vaccine in this population. 8 This difference was particularly apparent for children and adolescents. The incidence of both solicited and unsolicited AEs following the first vaccination was slightly higher than after the second vaccination; this is as expected based on previous clinical studies using a two-dose regimen. 10, 11, 12, 13 A limitation of the study was a potential problem regarding the recording of information in the diary cards. During routine study monitoring, it was observed that the diary cards for 22 participants were completed by the investigator retrospectively after following up with the participant. As diary cards should have been completed by the study participant, this was raised as a potential GCP non-compliance concern and the appropriate ethics committee was notified. Despite the resolution of this potential issue, a sub-analysis was performed excluding these data and is presented as supplementary material. This sub-analysis showed a good safety profile for the Avaxim® 80U Pediatric vaccine, supporting the findings from the overall analysis. A further potential limitation is that most participants were < 2 years of age (i.e. Group 1) although this reflects routine practice for hepatitis A vaccination in China.
Overall, this study confirmed the good safety profile of the Avaxim® 80U Pediatric vaccine, administered in a two-dose schedule 6 months apart to infants, toddlers, children, and adolescents aged 12 months to 15 years in China, supporting its continued licensure.
Patients and methods
Study design and participants
This was a Phase IV, open-label, single-arm clinical trial conducted in one site in China (WHO Universal Trial Number: U1111-1127-7652).
14 Before the inclusion of the first study participant, an Independent Ethics Committee (IEC) reviewed and approved the study protocol; one protocol amendment (to document the removal of an interim analysis) was approved by the IEC during the study. The study was consistent with the standards established by the Declaration of Helsinki and complied with the International Conference on Harmonization guidelines for Good Clinical Practice, as well as with all local and national regulations and directives. Informed consent was obtained either from the study participant and his/her parent(s) or legally acceptable representative (for participants aged 12 years and above), or from the parent (s) or legally acceptable representative alone (for participants aged less than 12 years). If the participant's mother and father were, respectively, less than 20 and 22 years of age, the participant's grandparent(s) were required to sign the informed consent form (ICF). A literate impartial witness also signed the ICF if the parent(s), grandparent(s), or legally acceptable representative were illiterate, to attest that the information contained in the ICF had been accurately explained and understood. The study took place between December 2013 and October 2014.
Healthy participants aged 12 months to 15 years 5 months, inclusive, at the start of the study were eligible for inclusion (those aged < 2 years were born at full term (> 37 weeks) and/ or had a birth weight of ≥ 2.5 kg). Participants aged 12 to 23 months, inclusive were classed as infants and toddlers, 2 to 11 years were children, and 12 to 15 years were adolescents.
The main exclusion criteria were: current or planned participation in another clinical study in the 4 weeks prior to the first study vaccination until the end of the study or non-study vaccination in the 4 weeks preceding or following any study vaccination; previous vaccination against HA; history of HAV infection or at high risk of HAV infection; receipt of blood products in the 3 months prior to the start of the study or any immune-modifying treatment in the 6 months prior to the start of the study or for more than two consecutive weeks in three months prior to the start of the study; known hypersensitivity to any component of Avaxim® 80U Pediatric vaccine; history of seizures; bleeding disorder contraindicating intramuscular (IM) injection; chronic or acute illness that could interfere with study conduct or completion; an employee of the study site or an immediate family member of any non-participant directly involved in the study; for post-menarche females, pregnant, lactating, or of child-bearing potential. Enrolled participants were to receive two doses of Avaxim® 80U Pediatric vaccine administered 6 months apart and by the intramuscular route into the deltoid region of the upper arm. As this was a safety study, no blood samples for immunogenicity evaluation were taken, and the duration of the study for each participant was to be approximately 7 months.
Vaccine
The vaccine used was an inactivated, absorbed HA virus vaccine (Avaxim 80U Pediatric; batch number J0279-1), supplied in pre-filled, 0.5 mL-dose syringes. Each 0.5 mL dose contained 80 U inactivated HA virus, 0.15 mg aluminum hydroxide, 2.5 µL 2-phenoxyethanol, 12.5 µg formaldehyde, and ≤ 0.5 mL water for injection.
Reactogenicity and safety
Participants were kept under observation at the study site for 30 minutes after each vaccination to record any immediate unsolicited systemic adverse events (AEs). For 7 days after each vaccination, the participant and/or the parent(s) or legal representative recorded the intensity and duration of predefined (solicited) injection site (tenderness [for participants aged < 2 years] or pain [for participants aged ≥ 2 years], erythema, and swelling) and systemic (fever, vomiting, crying abnormal, drowsiness, appetite lost, and irritability for participants aged < 2 years; fever, headache, malaise, and myalgia for participants aged ≥ 2 years) reactions using diary cards. All immediate and solicited (injection site and systemic) adverse events were considered by definition to be related to the vaccination, and referred to as adverse reactions (ARs). The axillary route was used for measurement of body temperature.
The China Food and Drug Administration (CFDA) scales were used for the assessment of intensity for local reactions of erythema and injection site swelling, and systemic reactions of fever and vomiting. The definitions of intensity for all solicited reactions for infants/toddlers, children, and adolescents are as follows:
For infants and toddlers (aged below 2 years) Grade 1, 2, and 3 injection site tenderness were defined as 'minor reaction when injection site is touched', 'cries or protests when injection site is touched', and 'cries when injected limb is moved or the movement of the injected limb is reduced'; Grade 1, 2, and 3 vomiting were 1, 2-5, and ≥ 6 episodes (or requiring parenteral hydration) per 24 hours; Grade 1, 2, and 3 crying abnormal were < 1 hour, 1-3 hours, and > 3 hours; Grade 1, 2, and 3 drowsiness were sleepier than usual or less interested in surroundings, not interested in surroundings or did not wake up for a meal, and sleeping most of the time or difficult to wake up; Grade 1, 2, and 3 appetite lost were eating less than normal, missed 1 to 2 meals, refused ≥ 3/ most meals; and Grade 1, 2, and 3 irritability were easily consolable, requiring increased attention, inconsolable.
For children (aged 2 to 11 years): Grade 1, 2, and 3 pain were defined as 'easily tolerated', 'sufficiently discomforting to interfere with normal behavior or activities', and 'incapacitating, unable to perform usual activities'.
For adolescents (aged ≥ 12 years): Grade 1, 2, and 3 pain were defined as 'no interference with activity', 'some interference with activity', and 'significant, prevents daily activity'.
For children (aged 2 to 11 years) and adolescents (aged ≥ 12 years): Grade 1, 2, and 3 headache, malaise, and myalgia were defined as 'no interference with activity', 'some interference with activity', and 'significant, prevents daily activity'.
For all ages: Grade 1, 2, and 3 erythema and swelling were defined as a diameter of < 15 mm, 15 to 30 mm, > 30 mm; Grade 1, 2, and 3 fever were temperature ≥ 37.1°C to 37.5°C, > 37.5°C to 39.0°C, and > 39.0°C.
Unsolicited AEs were recorded using diary cards for 30 days after each vaccination. Unsolicited injection site AEs were considered to be related to the vaccination (as for solicited injection site and systemic AEs). For unsolicited systemic AEs the Investigator assessed the relationship to the vaccination. Serious adverse events (SAEs) were collected throughout the study and until 30 days after the second vaccination; their relationship to the vaccination was assessed by the Investigator.
Statistical analyses
The study objective was to describe the safety of the Avaxim® 80U Pediatric vaccine after each dose, and the data were analysed overall and for two separate age groups: Group 1, infants and toddlers (< 2 years of age); Group 2, children (2-11 years of age) and adolescents (≥ 12 years) .
No statistical hypotheses were tested and all analyses were descriptive. The number and percentage (with corresponding 95% CI) of participants with injection site or systemic AEs until 30 days following each injection (solicited injection site and systemic reactions from Day 0 to Day 7 and unsolicited AEs to Day 30). The 95% CIs of percentages were calculated using the exact binomial distribution according to the Clopper-Pearson method for proportions. 15 According to Chinese Health Authorities' requirements for safety surveillance, the planned sample size was 300 evaluable participants. Assuming that 15% of participants would not be evaluable, 353 participants were to be enrolled overall, with no stratification by age at enrolment. With 300 evaluable participants there was a 95% probability of observing an event that had a true incidence of at least 1.0% in the overall group of participants enrolled.
Only one population was defined for this study, the Safety Analysis Set, comprising all participants who received at least one dose of Avaxim® 80U Pediatric vaccine, and for the analysis of each dose comprising all participants who received that dose.
Due to a potential non-compliance issue relating to the management of diary cards (see Discussion for further detail) a sub-analysis excluding data from 22 participants was performed.
The statistical analysis was done under the responsibility of the study sponsor using SAS® software, at least Version 9.2 (SAS Institute, Cary, NC, USA).
